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ARelated Standards

A Terminology
A Safety
A Performance

ACrossindustry Measurements Applicable to Exoskeletons
A Joint Rotation Axis Location
A Industrial Mobile Manipulator
A Response Robots

APotential Exoskeleton Test Methods

A Load Handling (load lift and carry)
A Navigation (movement between locations)
A Docking (load placement)

AExoskeleton Test Dummy

Disclaimer: Commercial equipment, software, and materials are identified in order to adequately specify certain procedoreasé does such identification imply recommendation or
endorsement by the National Institute of Standards and Technology, nor does it imply that the materials, equipment, oesoéwacessarily the best available for the purpose.



Related Standards
Terminology

AISO/TC 299/WG 1 Vocabulary and characteristics
A 1SO 8373:2012 Robots and robotic devite¥ocabulary

AI1SO/TC 173/SC 2 Classification and terminology

A 1SO 9999:2016 Assistive products for persons with disaffiligssification and
terminology

A ASTM F320a6 Standard Terminology for Automatic Guided Industrial Vehicles
A E252107a: Standard Terminology for Urban Search and Rescue Robotic Operations

A1SO/CD 19649 Robots and robotic devicégocabulary for mobile robots (under
development)

A1SO 8373 contains basic terms which relate to all robotic fields.
A At this time, there are no specific terms related to exoskeletons.

A Expected in the near future is that some terms will be developed during development of
a performance or safety standard on exoskeletons.
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Related Standards

Safety
Personal Care

A1SO 13482:2014 Robots and robotic deviQsfety requirements for personal care
robots (ISO/TC299/WG2)

A1SO/CD TR 23482RoboticsApplication of ISO 1348Part 1: Safetyelated test
methods (inprocess)

A I%Ot/Cd[)) TR 23482RoboticsApplication of ISO 1348Part 2: Application guide (not
starte

A JIS B 8448:2016 Safety Requirements For Personal Care Robots Part 2: Low Power
Restrainttype Physical Assistant Robot

mobile person carrier robot physical

N lsr servant robot assistance robot
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A IEC 6060411:2005+AMD1:2012 CSV Edition 3.1 (20820); Medical electrical equipmentPart
1: general requirements for basic safety and essential performance
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A JWG 5 Joint ISO/TC 299 IEC/SC 62A IEC/SC 62D WG: Medical robot safety

With subgroups:
A JWG 35: Surgical Robot Safety
A JWG 36: Rehabilitation Robot Safety

A FDA publication on Medical Devices; Physical Medicine Devices; Classification of the powered
exoskeleton (2015https://federalregister.gov/a/201503692; 80 FR 960Pp. 960@9603

Assistive products for persons with disability ISO/TC 173/
A WG 1 Assistive products for walking

A WG 10 Assistive products for cognitive disabilitie:
A WG 11 Assistive products for tissue integrity
A WG 12 General requirement

A SC 1 Wheelchairs

A SC 2 Classification and terminology

A SC 7 Accessible design
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Related Standards
Other ISO/TC 299/ SR

A SG 1 Study group on gaps and structure 45 ‘. N
A WG 4 Service robots |
A WG 6 Modularity for service robots

) Cot;s- iobot urtsy John Deere
Industrial Robots

A 1SO TC299/WG3 ISO 102118011 Robots and robotic devic&afety requirements for
iIndustrial robots-Part 1. Robots

A1SO TC299/WG3 ISO 10218011 Robots and robotic devic&afety requirements for
iIndustrial robots-Part 2. Robot systems and integration

A1SO TC299/WG3 ISO/TS 15066:2016 Robots and robotic d&atlasorative robots
A ANSI R15.08012 Industrial Robots and Robot Systems Safety Requirements

Courtesy Universal Robot

A ANSI R15.08BD Industrial Mobile Robot Safety-firocess) 0 R
A1SO TC299/WG3 Standard for ErieArm Tooling (irprocess) T i T ='===:
Automatic Industrial Vehicles =g

A ITSDF B56.5:2012 Safety Standard for Driverless Automatic Guided Industrial Ve~ ]
and Automated Functions of Manned Industrial Vehicles _
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Related Standards

Performance
Industrial Robots (ISO TC 299/WG3)

A 1SO 9283 (ANSI/RIA R15.05) Manipulating industrial reBetformance criteria and
related test methods

A ISO/TR 13309:1995 Manipulating industrial robatgormative guide on test equipmel
and metrology methods of operation for robot performance evaluation in accordan
ISO 9283

Courtesy Fanuc

Autonomous Industrial Vehicles (all in ballot stages)
A ASTM F45.01 WK54576 Standard Practice for Environmental Effects L_ﬁ, |

A ASTM F45.02 WK48955 Standard Test Method for Navigation: Defined Spacek3us / & odep
A Standard Test Method for DockingUGVs

A ASTM F45.03 WK54662 Standard Test Method for\@deo Test Method for AIGVs

A ASTM F45.04 WK54431 Standard Practice for Communication and Integration
Interruptions for AUGVs Courtesy Adept
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Related Standards

Performance A ASTM E2853 Search Tasks, Random Mazes with
Rescue Robot Complex Terrain

Mobility, Confined Area Terrains and Obstacles: A WK33260 Navigation Tasks: Hallway Labyrinths
A ASTM E2801 Gaps with Complex Terrain

A ASTM E2802 Hurdles A WK34434 Confined Space Voids with Complex
A ASTM E2803 Inclined Planes Terrain

A ASTM E2804 Stair/Landings

A WK35213 Gravel Sensors:

A WK35214 Sand A WK42363 Image Acuity

A ASTM E2826 Continuous Pitch/Roll Ramps | |

A ASTM E2827 Crossing Pitch/Roll Ramps Manipulation:

A ASTM E2828 SymmetStepfields A WK27852 Door Opening and Traversal Tasks

A WK44323 Heavy Lifting: Surrounding Area

HumanSystemsnteraction:

A ASTM E2829 Maneuvering, Sustained Speed

A ASTM E2830 Maneuvering Tasks, Towing
Grasped/Hitched Sleds

A Maneuvering Tasks, Post/Hole Slaldinsproces$
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Related Standards

Other

AIEEE P1872:2015 Standard for Ontologies for Robotics and Automation
AIEEE P1872 Standard for Robot Task Representatiorpfiocess)

ANIST SP 8a8R, Revision 2, Guide to Industrial Control System (ICS) Security
AASTM E29022 Standard Practice for Measurement of Body Armor Wearers

AASTM E30035 Standard Practice for Body Armor Wearer Measurement and
Fitting of Armor
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Related Standards

ISO TC 1992 ¢ Safety of Machinery

A Working group starting to look at Human Machine Interactions
A study mechanical safety data for physical contact between machinery and people

A To be a B type standard, i.e., very general standard that applies to all robots,
A excludes military systems, medical systems, and toys

Other

A IEC ACART (Advisory Committee on Applications of Robot Technology) will be looking at safety
and performance of robots and looking for gaps in the ISO standards.

A 15326262 provides guidelines for Hazard Analysis and Risk Assessment (HARA)*

A (e.g., Active Balancing, Fall Detection, Collision Detection, and Automatic Motor Braking) technique
used in established standards to measure the performance of safdéiyal systems e.g., in the
automotive industry

* Masood, Jawad, et al. "Active Safety Functions for Industrial Lower Body Exoskeletons: Concept and Assessment." Wearable
Robotics: Challenges and Trends. Springer International Publishing, 2017. 299-303.
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CrossindustryMeasurements Applicable to
Exoskeletons

Joint Rotation Axis Location
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CrossindustryMeasurements Applicable to
Exoskeletons

Joint Rotation Axis Location

AA circle was fit to the data set and a histogram of the circle fit error was
calculated.

AResults showed a mean fitting error of 0.34 mm with an uncertainty of 0.27 mm,
l.e., arelatively high confidence in the OTS measurement method.

the histogram of the circle fitting errors
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CrossindustryMeasurements Applicable to
Exoskeletons

Industrial Mobile Manipulator TRy

AUse of artifacts to measure mobile
manipulator performance

ASimple costeffective repeatable performanc®*
measurement methods are being tested |
towards potentially new performance
standards for mobile manipulators

AReconfigurable mobile manipulator apparatt

AWithout making contact, the mobile
manipulator can be measured to a known
artifact when posed at an infinite number of
vehicle orientations
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CrossindustryMeasurements Applicable to
Exoskeletons

B Sand B Gravel

Response Robots
AReplicable test methods
ASimple to measure performant

Alncrementally more challenging conditions

Ameasure how well a robot navigates inclined
planes, steps, undulating floors or complex
terrains, and around obstacles

AEach test generically simulates a particular
capability which response robots must posses
to be useful in critical situations
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Potential Exoskeleton Test Methods

Load Handling

AReconfigurable load artifact
AVary size, weight

A Fit to a minimum tolerance
tray

A Fit to a bolt circle

AlLoad ?ositioning (docking)
wall of tests

A Hooks
A Bolt circles
A Trays

A Force plates

A Hold tools against plates at

various heights (ground, wall,
ceiling)

~__ Adjustable
height
force plate

- Peg-in-
hole tubes

. lLoad
// plates

NIST




Potential Exoskeleton Test Methods

Navigation

AVarying terrains
AUndulating
ASoft (sand)
ACobblestone
AEtc.

ABarriers from one
Load Positioning Wall
to another
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